Abstract-We validated the accuracy of case definitions for hypertension derived from administrative data across time periods (year 2001 versus 2004) and geographic regions using physician charts. Physician charts were randomly selected in rural and urban areas from Alberta and British Columbia, Canada, during years 2001 and 2004. Physician charts were linked with administrative data through unique personal health number. We reviewed charts of Ϸ50 randomly selected patients Ͼ35 years of age from each clinic within 48 urban and 16 rural family physician clinics to identify physician diagnoses of hypertension during the years 2001 and 2004. The validity indices were estimated for diagnosed hypertension using 3 years of administrative data for the 8 case-definition combinations. Of the 3362 patient charts reviewed, the prevalence of hypertension ranged from 18.8% to 33.3%, depending on the year and region studied. The administrative data hypertension definition of "2 claims within 2 years or 1 hospitalization" had the highest validity relative to the other definitions evaluated (sensitivity 75%, specificity 94%, positive predictive value 81%, negative predictive value 92%, and 0.71). After adjustment for age, sex, and comorbid conditions, the sensitivities between regions, years, and provinces were not significantly different, but the positive predictive value varied slightly across geographic regions. These results provide evidence that administrative data can be used as a relatively valid source of data to define cases of hypertension for surveillance and research purposes.
G lobally, hypertension is one of the most prevalent medical conditions and, in developed nations, one of the most important modifiable risk factors for cardiovascular disease and mortality. [1] [2] [3] Although treatment of hypertension is associated with a 20% to 25% reduction in cardiovascular events, 4 -6 it is commonly unrecognized and undertreated. Policy makers and healthcare professionals have made extensive efforts to improve hypertension prevention, detection, and management through national knowledge translation and public health programs. 7, 8 Population-based hypertension surveillance is a critical tool for evaluating these public health and clinical programs.
Although the ideal surveillance method for identifying hypertension cases and outcomes would be a prospective cohort study with assessment of blood pressure measurements and/or other physiological parameters at repeated intervals, such a method is expensive and may be impractical in many settings. Administrative data are promising potential data sources for surveillance of chronic conditions, because the data are routinely collected, cover wide geographic areas, and have a relatively complete capture of all of the patient encounters with the healthcare system. However, before administrative data can be used for studies and surveillance of hypertension, there is a need to assess the content validity of algorithms used to derive administrative data case definitions of hypertension.
To address this question, Muhajarine et al 9 linked Manitoba physician claims data with the Manitoba Heart Health Survey conducted in 1989 -1990 to determine the validity of hypertension coding algorithms. They reported that the physician claims data had fair agreement with physical measurement of blood pressure in defining hypertension using 1 claim within 2 years (ϭ0.60). Rector et al 10 validated physician claims in recording hypertension through self-report survey in the United States in 2000 and reported 72% sensitivity and 80% specificity for the hypertension definition of Ն2 claims within 1 year. Lix et al 11 validated Manitoba administrative data using the 2001 Canadian Community Health Survey data.
Compared with self-reported hypertension from survey data, the definition of 2 physicians claims or 1 hospitalization in 3-year administrative data had the highest validity (sensitivity: 76%; positive predictive value [PPV]: 75%); adding prescription medication to the algorithm increased the sensitivity but reduced the PPV. Tu et al 12 assessed a claim-based case definition for the definition of hypertension using Ontario provincial administrative databases and general practitioner/ family physician (GP/FP) chart reviews. The case definition of 2 claims or 1 hospitalization in 3-year administrative data had high sensitivity (78%) and PPV (84%). However, these studies did not assess variation of the validity across region and time period.
We compared the validity of International Classification of Disease (ICD), 9th and 10th versions, case definitions for defining hypertension using Canadian administrative data of hospital discharge abstracts and physician fee-for-service claims between 2 regions (provinces of Alberta and British Columbia, in both rural and urban practices) and 2 separate years (2001 and 2004) .
Methods

Recruitment of GPs/FPs and Selection of Patients
We included fee-for-service GPs/FPs who practiced Ͼ2 days per week at their current location between 1999 -2001 or 2002-2004 and excluded physicians whose primary practice was at walk-in clinics, community health centers, hospitals, or emergency departments or locum physicians in 2 large cities, Calgary (population Ϸ1.1 million) and Vancouver (population Ϸ2.1 million), and in 7 rural areas with a population size Ͻ10 000 in the provinces of Alberta and British Columbia. A complete list of GP/FPs in these regions was obtained from the Alberta and British Columbia provincial licensing physician directories in Canada. These lists include the GP/FP and clinic name, as well as contact information. Because the contact information on the list is not updated regularly, the GP/FP telephone numbers were verified through the latest local Canadian telephone directories and a Web site search. GP/FPs with a verified telephone number were randomly selected and contacted by fax or telephone to determine their eligibility and to invite them to participate in the study. In addition to the sample, we also included some convenient GP/FP clinics, because the response rate for GPs was low.
Ethics approval was obtained from the University of Calgary and University of British Columbia ethics committees. Participating physicians provided informed consent.
At GP/FP clinics, we used 2 approaches for random selection of patient charts on the basis of the presence or absence of a computerized patient list. For approach 1, where computerized patient information was available, we generated a random list of patients. For approach 2, where computerized patient information was not available, the chart shelves were equally divided into 50 sections. Charts were reviewed consecutively in a section until 1 eligible chart was identified. If there was no eligible chart in a particular section, we replaced this section with another randomly selected section. We identified Ϸ50 eligible charts at each clinic for data extraction. The eligibility criteria were those who were Ն35 years of age, were alive and did not migrate out of the province in the 2-year period before the study years, and had Ն2 visits 
Chart Data Collection and Defining Hypertension
Five chart reviewers underwent training in the data extraction process through discussion of the definition of data extraction elements and reviewing 10 charts together. A diagnosis of hypertension was defined on the basis of blood pressure readings or a documented diagnosis of hypertension in the GP/FP chart following the Canadian hypertension guidelines (see elsewhere for details). 13 Pregnancy-induced hypertension was excluded in our definition.
The discrepancies among the reviewers were discussed and resolved. To evaluate agreement among the reviewers, they independently extracted variables from the same 40 charts. The value among the reviewers for the presence or absence of hypertension ranged from 0.95 to 1.00, which is considered to be "perfect agreement." 14 The reviewers then independently abstracted information from charts, including demographic data, blood pressure readings, medication, and comorbid conditions. We collected information from charts on the presence of 13 comorbidities, including stroke, dementia, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, congestive heart failure, chronic pulmonary disease, asthma, cancer, depression, chronic kidney disease, and dialysis.
Defining Hypertension Using Administrative Data
Four administrative databases from Alberta and British Columbia were linked with the chart data using the personal health number as the unique identifier. The databases included the population registry, hospital discharge abstracts, and physician claims from Alberta and British Columbia, as well as emergency department data from Alberta from 1999 to 2004. The population registry contains the demographic information of health care recipients. Canada has a government-financed universal health insurance system; thus, the population registry includes virtually all provincial residents. We used the registry file to determine residence, death, and migration in the study period.
The hospital discharge abstracts include all of the inpatient separations (by discharge or death) from all of the hospitals in the province. Coders reviewed inpatient charts and extract data on personal health number, demographics, diagnoses, procedures, and physician specialty. Before 2001, each discharge record contained Յ16 ICD-9 diagnosis codes and, since 2001, each record contained Յ25 ICD-10 diagnosis codes.
Fee-for-service physicians in Canada submit claims to their respective provincial government insurance program. The physician claims database contains information on patients' personal health number, physician unique identifier, 1 ICD-9 diagnosis code in British Columbia, and Յ3 diagnosis codes and 1 procedure code in Alberta. The physician claims capture nearly all of the outpatient physician services and the majority of the inpatient services.
In the province of Alberta, clinical information from emergency department visits is also collected through the Ambulatory Care Classification System. This database contains Յ10 ICD-9-Clinical Modification/ICD-10 diagnosis coding fields in each record.
We identified patients with hypertension in the administrative databases using the relevant ICD-9 and ICD-10 codes (ICD-9 codes: 401.x, 402.x, 403.x, 404.x, and 405.x; ICD-10 codes: I10.x, I11.x, I12.x, I13.x, and I15.x) in the Յ25 coding fields for diagnosis in the hospital discharge data, Յ3 fields in physician claims data, and Յ10 fields in emergency department data.
We defined hypertension for each patient using the following 8 case definitions for a combination of hospital discharge and physician claims using 3-year administrative data: (1) 2 physician claims within in a 1-, 2-, and 3-year period or 1 hospital discharge for hypertension; (2) 2 physician claims within in a 1-, 2-, and 3-year period for hypertension; (3) 1 physician claim or 1 hospital discharge for hypertension; and (4) 1 physician claim for hypertension. We repeated these definitions in 2-year administrative data. The year period was determined by the time gap between 2 diagnosis claims. For example, when a patient had a physician claim for hypertension, then a second claim for hypertension within the specified time period was required for the patient to meet the case definition for the 2 physician claim algorithms. Presence or absence of hypertension was assigned to each patient 16 times, once for each case definition in 3-year data and then in 2-year data. The first date of the hypertension diagnosis was assigned to patients for case definitions with Ͼ1 hypertension diagnosis. We also tested these case definitions through use of 1 as well as 3 diagnosis coding fields in the physician claims data and by adding emergency department visits.
Statistical Analysis
Descriptive statistics were used for common demographic and comorbid variables. We calculated sensitivity, specificity, PPV, and negative predictive value (NPV) for each case definition, accepting the chart data as the reference standard. The statistic was used to assess agreement between the 2 data sources for the presence of hypertension, considering that chart data may not be accepted as the gold standard. The 95% CI was calculated for these statistics. Considering that validity might vary by age, sex, and 13 comorbidities, we adjusted these factors using log-linear regression and calculated relative sensitivity and PPV between time periods (2004 versus 2001) and regions (urban versus rural area and British Columbia versus Alberta). 15 Relative sensitivity (or PPV) at 1 means that both groups had the same sensitivity (or PPV); Ͻ1.0 or Ͼ1.0 means that one group had lower or higher sensitivity (or PPV) than another group.
Results
We randomly selected and reviewed 3362 charts at 64 GP/FP clinics to determine the presence of hypertension ( Table 1) . The prevalence of hypertension ranged from 18.8% to 33.3%, depending on the year, province, or rural versus urban region studied.
The validity of administrative data in determining the presence of hypertension compared with chart data as the reference standard varied across case definitions and length of administrative data observation ( Table 2 ). The validity of the case definitions was relatively stable regardless of the gaps between the 2 claims. For example, sensitivities for the "2-claims-or-1-hospitalization" definition were 76%, 75%, and 74% for gaps among 2 claims within 3, 2, and 1 year in the 3-year administrative data, respectively. However, the validity depended on the length of administrative data observation. For the case definition of 2 claims within 2 years or 1 hospitalization, a 3-year period of administrative data observation had higher sensitivity (75% versus 66%) but lower PPV (81% versus 87%) than a 2-year period of administrative data observation.
Stratification of validity by region and time is shown in Table 3 . The sensitivity for the case definition of 2 claims *Comorbidity includes stroke, dementia, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, congestive heart failure, chronic pulmonary disease, asthma, cancer, depression, chronic kidney disease, and dialysis. 
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within 2 years or 1 hospitalization in the 3-year administrative data was higher for year 2001 than that for year 2004 (77% versus 74%), for rural area than that for urban area (79% versus 73%), and for British Columbia than that for Alberta (76% versus 74%). The specificity and NPV were similar across regions and time periods. The validity of the case definition was higher among women than among men, patients without comorbidities compared with those with comorbidities, and in those aged Ն65 years relative to those aged Ͻ65 years.
To adjust for important confounders, we calculated relative sensitivity and PPV between time periods and regions. The relative sensitivity of this case definition was also similar between regions (adjusted relative sensitivity: 0.95; 95% CI: 0.88 to 1.03). Compared with rural areas, the relative PPV for urban areas was significantly higher (adjusted relative PPV: 1.08; 95% CI: 1.01 to 1.06).
In Alberta, Յ3 ICD-9 diagnosis-coding fields are available for each claim. The majority (74%) of claims had only 1 diagnosis recorded, whereas 4% recorded 2 diagnoses, 2% recorded 3 diagnoses, and 20% were missing diagnoses (services for diagnostics and laboratory tests are not required to record diagnoses). The validity of the various case definitions was not any better when Ͼ1 coding field was available (Table 5) . Similarly, adding emergency department visits to physician claims and hospital discharge abstracts contributed little to the validity of the case definition.
Discussion
We assessed the validity of Canadian inpatient and outpatient administrative data for defining hypertension across time, rural and urban areas, and provinces, as well as patient characteristics. Of the 8 case definitions assessed, the administrative data-based definition of 2 physician claims within 2 years or 1 hospitalization had the best validity. Validity varied slightly across urban and rural areas and provinces. Application of the definition requires Ն3 years of administrative data.
Which case definition should be used for defining hypertension using administrative data? We found that validity of case definitions of 2 claims within 2 years or 1 hospitalization in the 3-year data was higher than that in the 2-year data. However, the definition requires 3 fiscal or calendar years of data in contrast to the 2-year data. Previous studies by Lix et al 11 and Tu et al 12 demonstrate poor validity using a 1-year length of observation. Considering the results of these previous studies, we recommend 2 claims within 2 years or 1 hospitalization to define hypertension in administrative data using 3-year data. In our study, this definition provides a sensitivity of 75% and a PPV of 81%. Importantly, the validity of this algorithm was relatively stable across time and geographic regions. However, we found that the presence of Relative sensitivity and PPVϭ1 means that both groups had the same sensitivity/PPV; Ͻ1.0/Ͼ1.0 means that one group had lower/higher sensitivity/ PPV than another group. AB indicates province of Alberta; BC, province of British Columbia.
*Comorbidity includes stroke, dementia, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, congestive heart failure, chronic pulmonary disease, asthma, cancer, depression, chronic kidney disease, and dialysis.
comorbidity was associated with the validity of the algorithms. The sensitivity decreased and PPV increased (Table  4) among patients with comorbidities compared with those without comorbidities. This may be related to the potential that physicians seeing patients with multiple comorbidities are more likely to bill for a comorbid condition and less likely to bill for hypertension. 16, 17 Is one data source, either physician claims or hospital discharge abstracts, sufficient to define hypertension? Hospital discharge abstracts are available in many countries and have high validity in recording hypertension. Quan et al 18 reviewed 4008 in-patient charts and linked the chart data with hospital discharge administrative data in Alberta. They reported 78.6% sensitivity and 91.4% PPV for hypertension recorded in the hospital discharge data. Although the hospital discharge data has high validity in recording hypertension, this database alone is insufficient to determine hypertension prevalence and incidence, because the majority of diagnosis and treatment of hypertension occurs in the outpatient setting. Using physician claims data alone, Lix et al 11 were able to identify 97.6% of patients with hypertension in the survey, with the remaining 2.4% of cases obtained from hospital discharge data. In this study, we found that the 2-claimswithin-2-years definition had a sensitivity of 73%, specificity of 95%, PPV of 82%, and NPV 91%. Adding hospital discharge data to physician claims data did not increase the validity significantly. Physician claims alone could be used to define prevalence or incidence of physician-diagnosed hypertension but exclusion of inpatient data from the algorithm is likely to miss patients with significant comorbid conditions and could result in poor prediction of mortality or complications. On the basis of the evidence, we recommend defining hypertension using a combination of the hospital discharge abstract and physician claims databases for outcome studies.
This study has limitations. First, chart data as a reference standard only reflect part of the validity of the administrative data. Physician misdiagnoses and incomplete documentation of clinical information in charts were not addressed in this evaluation of administrative data validity. However, chart data are the optimal available data sources for establishing reference standards and are unlikely to bias the study results, particularly given the primary purpose of this study, which was to validate an administrative data case definition for detection of physician diagnosis of hypertension. Second, patients with hypertension who did not visit a GP/FP or were not admitted to the hospital during the study period were missed. Third, we compared time variation across 3 years; changes in data quality may have been observed with longer time periods of observation.
In conclusion, defining hypertension using 2 physician claims within 2 years or 1 hospitalization in 3-year administrative data had substantial validity. The validity varied slightly by geographic region and over time. Applying the definition in 2-year administrative data is likely to miss hypertension. These results provide evidence that administrative data provide a relatively valid source of data to define cases of hypertension for population surveillance and research purposes.
Perspectives
Readily accessible and analyzable population-based administrative data have great potential to facilitate research in hypertension, including surveillance of this common medical condition. The fundamental question, however, before using this information is whether the data are valid for such purposes. Our study addressed this question by comparing administrative and chart data across both time periods and regions in Canada. We found that the administrative data were valid for defining hypertension cases and that the validity varied only slightly by geographic region when the 2 claims within 2 years or 1 hospitalization hypertension case definition was used in administrative data. This definition could be used to define hypertension cases at a population level. Our study also provided evidence to exclude the potential influence of region and time on data validity for determining hypertension incidence and prevalence for surveillance. Although we validated a hypertension case definition in Canadian data, we encourage researchers to undertake similar validation studies to ensure validity of their own regional or national administrative data before using these data. 
